Phylogenetic and taxonomic characterization was performed for bacterium RB-25 T , which was isolated from a soil sample collected in a former municipal landfill site in Puchong, Malaysia. Growth occurred at 20-37 C at pH 5-8 but not in the presence of 9 % (w/v) NaCl or higher.
for each species (Octavia & Lan, 2014) . Members of the family Enterobacteriaceae are ubiquitous in nature. Many exist free-living in diverse ecological niches in both terrestrial and aquatic environments, while others are often associated with animal, plants or insects. Members of the family Enterobacteriaceae can be exploited in biotechnological and industrial applications with great significance, from the production of biocontrol agents, numerous recombinant proteins, biofuels and biosurfactants, and to bioremediation of contamination by insecticides (Octavia & Lan, 2014) .
A whole genome phylogenetic tree of species of the family Enterobacteriaceae is available on the PATRIC server (http:// www.patricbrc.org) (Wattam et al., 2014) . The tree includes 5016 Enterobacteriaceae draft genomes including 519 complete genomes and 4497 draft genomes from whole-genome shotgun sequencing, representing 49 genera. The complete genome of T has been published, which enabled the discovery of its chitinase operon (Lim et al., 2015a) . Quorum-sensing molecules have been identified in RB-25 T , which produces three types of N-acyl-homoserine lactones (AHL) (C 4 -HSL, C 6 -HSL, 3-oxo-C 6 -HSL) as characterized by triple quadrupole liquid chromatography/MS (Ee et al., 2014a) . Here, we used a polyphasic taxonomic approach to identify T as a representative of a novel genus and species in the family Enterobacteriaceae, for which the name Chania multitudinisentens gen. nov., sp. nov. is proposed.
Strain T was isolated from a soil sample collected from an ex-landfill site (03 00¢ 12.1 † N 101 39¢ 33.1 † E) in Ayer Hitam, Puchong, Malaysia. In brief, 1 g of the soil specimen collected aseptically at 10 cm from the soil surface was processed through four enrichment cycles in KGm medium (Ee et al., 2014a) . In each enrichment cycle, evidence of micro-organism growth was observed with increased turbidity in KGm medium. In the fourth cycle, 50 µl of enriched KGm medium was plated on KGm agar, and colonies of bacteria with distinctive morphology were isolated and streaked until a single colony was obtained. Strain T was selected for further analysis as it activated a CV026 biosensor and it was routinely cultivated at 28 C in Luria-Bertani (LB) media (Ee et al., 2014b; Lim et al., 2014; McClean et al., 1997) . Colonies of strain T were slightly raised with very pale white pigmentation on LB medium after 24 h of incubation. Gram staining of cells was performed using a Gram staining kit (Difco), and cell morphology was determined using a Hitachi TM3000 analytical tabletop microscope (Lau et al., 2014) in which the cells were observed to be Gram-stain-negative, motile and rodshaped (3-4Â7.5-9 µm) (Fig. S1 , available in the online Supplementary Material).
For rapid identification of isolate T , matrix-assisted laser desorption ionization time-of-flight MS (MALDI-TOF MS) (Bruker Daltonik) analysis was performed according to the manufacturer's instructions. In short, surface protein of strain T was bombarded with a 337 nm nitrogen laser and the resultant ion mass spectrum was detected using a Microflex MALDI-TOF bench-top mass spectrometer.
The spectrum profile of strain T was then compared with those of the organisms available in the Bruker Biotyper database. The score of strain T was lower than 1.7, which represents no reliable identity available in the database (Fig. S2) .
To elucidate the evolutionary relationships of T with members of the family Enterobacteriaceae with complete genomes, whole-genome average nucleotide identity (ANI) analysis and a 16S rRNA gene sequence-based phylogenetic tree analysis were conducted. ANI values were calculated using the orthologous average nucleotide identity tool, OAT (Lee et al., 2016) . The ANI values computed using the complete genome of RB-25 T demonstrated less than 82 % similarity with the genomes of other closely related genera, hence indicating the possible discovery of a new bacterial taxon. ANI analysis is increasingly accepted as a better method to delineate bacterial species, with a 95-96 % ANI value corresponding to 70 % DNA-DNA relatedness (Goris et al., 2007; Lim et al., 2015b; Richter & RosselloMora, 2009 (Table S1 ), which were below the species circumscription threshold (Richter & Rossello-Mora, 2009 ). These results suggest that T forms a distinct lineage of the family Enterobacteriaceae, which can be considered as a new genus. The DNA G+C content of strain RB-25 T was 50.9 mol%, derived from its complete genome sequence. This value is within the range described for members of the family Enterobacteriaceae (38 to 60 mol%) (Brenner & Farmer, 2015) but different from the values reported for species of the genera Rouxiella (53.0 mol%), Pantoea (51.2 mol%), Gibbsiella (56.0-58.7 mol%) and Serratia (54-60 mol%).
To determine the closest phylogenetic neighbours of strain RB-25 T , a continuous stretch (1611 bp) of its 16S rRNA gene sequence was analysed using the EzTaxon-e database (http:// eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . Similarity values with type strains of related species indicated that the novel strain is a member of the family Enterobacteriaceae (Ewing et al., 1980) , with Pantoea rwandensis (96.6 %), Rahnella aquatilis (96.5 %), Pectobacterium betavasculorum (96.4 %), Pantoea rodasii (96.3 %), Gibbsiella dentisursi (96.3 %) and Serratia fonticola (96.2 %). The 16S rRNA and rpoB gene sequences of strain T were subsequently also compared with available gene sequences in GenBank using the BLASTN program (Altschul et al., 1997) and alignments were performed using CLUSTALW (Thompson et al., 1994) . The 16S rRNA gene phylogeny was reconstructed using neighbourjoining, maximum-likelihood and maximum-parsimony algorithms while the rpoB phylogeny was reconstructed using the neighbour-joining algorithm in MEGA 6.0 (Tamura et al., 2013) . These phylogeny analyses concordantly showed that strain RB-25
T forms a discrete branch with other close relatives, indicating its position as a representative of a new genus in the family Enterobacteriaceae (Figs. 1 and S3-S5). Owing to the polyphyletic nature of 16S rRNA gene sequences in the family Enterobacteriaceae, classification using multilocus sequence analysis (MLSA) of five concatenated housekeeping genes has been proven to be a better characterization method for this genus (Le Fleche-Mateos et al., 2015) . A neighbour-joining phylogenetic tree was reconstructed from complete concatenated fusA (2016 bp), pyrG (1632 bp), rplB (1017 bp), rpoB (4026 bp) and atpD (2805 bp) gene sequences of strain T against members of the genera Buttiauxella, Pantoea, Yersinia, Enterobacter, Escherichia, Ewingella, Klebsiella, Erwinia, Hafnia, Leclercia, Kluyvera, Rouxiella, Citrobacter, Plesiomonas, Pectobacterium, Rahnella, Gibbsiella, Serratia and Pantoea (Fig. 2) . The result from the MLSA phylogenetic analysis was in agreement with the 16S rRNA and rpoB gene phylogenetic analysis in which strain T represents a novel bacterial taxon in the family Enterobacteriaceae.
To provide a better phylogenetic affiliation of strain RB-25 T with other genera, a living tree of the family Enterobacteriaceae was also reconstructed (Munoz et al., 2011; Yarza et al., 2008) (Fig. S6) . A total of 268 curated 16S rRNA gene sequences in the family Enterobacteriaceae were downloaded from the SSU r123 database,LTPtaxonomy(https://www.arb-silva.de/browser/), were aligned using CLUSTALW (Thompson et al., 1994) and the phylogenywasreconstructedusingtheneighbour-joiningalgorithm in MEGA 6.0 (Tamura et al., 2013) . The living tree of the family Enterobacteriaceae illustrated that strain RB-25 T was clusteredwithinthefamilyEnterobacteriaceaebutrepresenteda distinct genus with the genus Edwardsiella as the closest neighbour.
In three independent repetitions, the utilization of carbon compounds and acid production were tested using GEN III Microplates and Phenotypic Microarray (PM1 and PM2A) Microplates in an Omnilog device (BIOLOG). The GEN III Microplates and PM Microplates were inoculated with cells suspended in viscous inoculating fluid C (provided by the manufacturer) at a cell density of 94 % T and 85 % T, respectively. In addition to this, various physiological and biochemical tests were also performed using the API ZYM, API 20NE and API 20E galleries (bioM erieux) following manufacturer's instructions. Differential characteristics of strain RB-25 T from closely related genera are summarized in Table 1 . Other physiological and biochemical test results of the novel taxon, including GEN III Microplates, API ZYM, API 20NE and API 20E, are described in species description.
Respiratory lipoquinones and polar lipids were extracted from 100 mg freeze-dried cells as described by Bligh & Dyer (1959) using methanol/hexane (2 : 1, v/v). The suspension was mixed thoroughly in an ice bath until the biphasic layers were separated. Chilled hexane was then added into the suspension to achieve a ratio of methanol : hexane of 1 : 1 (v/v) before the upper hexane phase was extracted. The lower methanol phase was mixed again with chilled hexane and 0.3 % (w/v) NaCl until the ratio of hexane : methanol : 0.3 % NaCl was 1 : 1 : 1 (by vol.). The upper hexane phase was extracted and combined with the hexane extracted previously for analysis of respiratory lipoquinones. Polar lipids were recovered from the methanol phase by addition of chloroform and methanol until the ratio of chloroform : methanol : 0.3 % aqueous NaCl mixture was 1 : 2 : 0.8 (by vol.) as described by Bligh & Dyer (1959) . Polar lipids were analyzed by performing two-dimensional silica gel TLC (Macherey-Nagel) in which the first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.) and the second direction in chloroform/methanol/ acetic acid/water (80 : 12 : 15 : 4, by vol.). Molybdatophosphoric acid was used to detect polar lipids while other spray reagents were used for detection of specific functional groups (Tindall et al., 2007) . The major polar lipids of strain RB-25 T were phospholipid, phosphoaminolipid, phosphatidylethanolamine, phosphatidylglycerol and one unidentified aminolipid (Fig. S7) .
Respiratory lipoquinones were separated into their different classes (menaquinones, ubiquinones, etc.) by TLC on silica gel (Macherey-Nagel) as previously reported (Tindall, 1990a, b) using the solvent hexane/tert-butylmethylether (9 : 1, v/v). Different classes of quinone corresponding to their specific UV spectra were collected from the plate and further analysed using a HPLC instrument fitted with a reverse-phase column (2 mmÂ125 mm, 3 µm, RP18; Macherey-Nagel). The solvent used was methanol/ heptane (9 : 1, v/v). Respiratory lipoquinones were detected at 269 nm, of which ubiquinone-8 (Q-8) was detected as the major isoprenoid quinone of strain RB-25 T .
Fatty acid methyl ester (FAME) analysis was performed according the manufacturer's instructions (MIDI) through the process of saponification, methylation, extraction and sample clean-up as described by Miller (1982) . FAME mixtures were analysed using a Sherlock Microbial Identification System (MIS) (MIDI) with a built-in MIDI database. MIS Standard Software (MIDI) was used to analyse individual peaks of fatty acids and to calculate their percentage of the total. The fatty acid profile of strain RB-25 T consisted of C 12:0 (2.1 %), C 14:0 (6.7 %), unknown 14.502 (1.0 %), C 15:0 (0.3 %), C 16:0 (30.4 %), C 16:1 !5c (0.2 %), C 17:0 (0.3 %), C 17:0 cyclo (5.0 %), C 18:0 (0.7 %), C 18:1 !7c (16.5 %), iso-C 19:0 (0.2 %), summed feature 2 (comprising C 14:0 3-OH and/or iso-C 16:1 I and/or C 12:0 aldehyde and/or unknown 10.928) (6.9 %) and summed feature 3 (comprising C 16:1 !7c and/or iso-C 15:0 2-OH) (29.7 %).
Strain RB-25
T is different from the members of the genus Serratia by its negative results for urease and catalase; positive results in acid production from L-rhamnose and sucrose; and negative results in acid production from melibiose and raffinose. Characteristics defining the species of the genus Serratia including glucose oxidation (i.e. with and without presence of pyrroloquinoline quinone), activity of tetrathionate reductase, positive Voges-Proskauer test, activity of gluconate dehydrogenase and 2-ketogluconate dehydrogenase, and gas production, were described in detail by Grimont & Grimont (2006) . All the results for RB-25 T were observed as negative, which confirmed that the novel strain does not belong to the genus Serratia (Fig. S8 ).
In conclusion, the polyphasic taxonomic study, based on a combination of phylogenetic, genotypic, chemotaxonomic and phenotypic data, supports the classification of strain RB-25 T within a separate genus and species, for which we propose the name Chania multitudinisentens gen. nov., sp. nov. The differentiation of the new genus from other related genera of the family Enterobacterioceae can be accomplished by use of a combination of phylogenetic analysis based on 16S rRNA gene sequence comparison and genotypic and chemotaxonomic features. The predominant fatty acids or polar lipids and the genomic DNA G+C content of the new genus Chania are different from those of the related genera Serratia, Pectobacterium, Pantoea and Gibbsiella, as discussed above.
Description of Chania gen. nov.
Chania (Chan¢i.a. N.L. fem. n. Chania named in honour of Professor Chan Kok Gan, a microbiologist in the field of quorum sensing and genomic studies).
Gram-stain-negative, motile, aerobic, rod shaped (3-4Â7.5-9 µm), non-pigmented and quorum-sensing bacterium isolated from soil. Growth occurs in LB media at an optimum temperature of 28 C, pH 5.0-8.0 and with 1 % (w/v) NaCl; does not grow in the presence of 9 % (w/v) NaCl or greater. Negative results in glucose oxidation (with and without presence of pyrroloquinoline quinone), Voges-Proskauer test, tetrathionate reductase, gluconate dehydrogenase and 2-ketogluconate dehydrogenase tests and gas production. The dominant cellular fatty acids are C 16:0 , C 18:1 !7c, summed feature 3 (C 16:1 !7c and/or iso-C 15:0 2-OH); the major isoprenoid quinone is Q-8. Phosphoaminolipid, phosphatidylethanolamine and phosphatidylglycerol are the major polar lipids. The genus Chania belongs to the family Enterobacterioceae and is distantly related to the genera Rahnella, Serratia, Pectobacterium, Pantoea and Gibbsiella ( 96.5 % similarity on the basis of 16S rRNA gene sequence analysis). The type species is Chania multitudinisentens.
Description of Chania multitudinisentens sp. nov. (Brady et al., 2014; Brenner et al., 1998) ; 4, Pectobacterium betavasculorum ATCC 43762 T (Nabhan et al., 2013; Thomson, 1981) ; 5, Pantoea rodasii LMG 26273 T (Brady et al., 2012) ; 6, Gibbsiella dentisursi NUM 1720 T (Saito et al., 2012) ; 7, Serratia glossinae C1 T (Geiger et al., 2010 The type strain, RB-25 T (=DSM 28811 T =LMG 28304 T ), was isolated from an ex-landfill site located in Puchong, Malaysia. The type strain has a genomic DNA G+C content of 50.9 mol%.
